anatomically surround the pituitary gland. However, among these neurological symptoms, visual symptoms, such as decreased visual acuity or visual field defect, have been found to occur most frequently [2] . Pituitary adenoma is the most common benign tumor of the central nervous system that can affect the optic chiasm, and the frequency of accompanying visual field defects has been reported at approximately 10% to 30% [3] [4] [5] . These accompanying visual field defects are recognized as one of the primary indications for surgery on pituitary tumors.
Transsphenoidal surgery has been reported to safely reduce the pressure on the anterior visual pathway in most patients [6] . However, it is important to predict an accurate postoperative prognosis because effective decompression by transsphenoidal surgery does not necessarily restore optic nerve function. Recently, efforts have been made to evaluate the correlation between postoperative prognosis and various clinical symptoms. Previous studies have reported age, tumor size, preoperative degree of visual field defect and visual acuity, preoperative period of symptoms, and thickness of the layer of the optic nerve fiber as factors related to the prognosis of postoperative visual field, but results vary and are at times conflicting [7] [8] [9] [10] . Further, reports from Korea are limited. Hence, the present study was designed to evaluate factors associated with postoperative recovery of the visual field in patients with pituitary adenoma after transsphenoidal surgery.
Materials and Methods
The medical records of 388 patients who underwent transsphenoidal approach-tumor resection (TSA-TR) after being diagnosed with a pituitary adenoma at Chonnam National University Hospital between January 2010 and December 2015 were retrospectively analyzed. Among them, 102 eyes of 102 patients who satisfied the inclusion criteria for this study were investigated. The study protocol was approved by the institutional review board of Chonnam National University Hospital (TMP-2017-248) and followed the tenets of the Declaration of Helsinki. This study was retrospective, and the informed consent on subject was waived.
The inclusion criteria were as follows: a compressive lesion of the optic chiasm confirmed by head magnetic resonance imaging (MRI), first transsphenoidal surgery, or visual field defect found in the preoperative visual field examination. The presence of a visual field defect was determined by a mean deviation (MD) or pattern standard deviation value out of the normal range during visual field examination using a Humphrey Visual Field Analyzer (Carl Zeiss Meditec, Dublin, CA, USA). The exclusion criteria for this analysis were as follows: past history of previous treatment such as radiotherapy or chemotherapy; presence of any ophthalmological symptom other than optic nerve compression symptoms caused by the tumor; recurrence or other complications after transsphenoidal surgery; radiotherapy or other anticancer treatment administered postoperatively; or any other history of neurologic disease leading to a visual field abnormality. Only those patients who met the inclusion criteria and had been followed for at least one year were included. The eye with the worse visual field defect from each patient was selected for analysis.
All subjects underwent ophthalmological examination and head MRI during the period three months before and after surgery. For preoperative ophthalmological examinations, slit lamp biomicroscopy, Goldmann applanation tonometry, and fundus photography were used to exclude ophthalmological diseases that may have affected visual acuity and the visual field, such as cataracts, glaucoma, and retinal detachment. Abnormal vision and visual field defects were evaluated using a visual acuity test and automatic visual field test. For the automatic visual field test, the 30-2 Swedish interactive threshold algorithm of the Humphrey Visual Field Analyzer II was used. Only data that satisfied the reliability criteria were analyzed in the visual field examination results, including fixation losses less than 20%, false-negative error less than 20%, and false-positive error less than 20%.
Patients who were found to have visual field defects in the visual field examinations received follow-up at 6-month intervals. Judgment of recovery was made at the last follow-up observation. Recovery of visual field defects was defined as reduction in the absolute value of MD of 1 dB or more at the postoperative visual field examination compared with the preoperative examination. Visual fields needed to improve more than 1 dB at least 2 consecutive times for us to count the test results as improved, in order to prevent the error of decibel change from fluctuations outside of recovery from the disease. Patterns of binocular visual field defects were also determined. Bilateral classification included bitemporal, homonymous, anterior junc-tional (generalized depression with contralateral temporal defect), generalized field depression and unilateral [11] . To classify as quadrantanopia, a minimum of three non-edge points had to be involved at the 1% level or lower on the pattern deviation plot. The defect also had to respect the vertical meridian. Defects extending past a single quadrant were classified as hemianopia. Superior and inferior field defects in the nerve fiber layer distribution were classified as altitudinal. In the eyes included in the analysis, the presence of a central visual field defect was determined, based on the definition of "a visual field defect within 10° of fixation with at least one point at P <1% lying at the four innermost central points." [12] .
Head MRI confirmed the compressive lesion of the optic chiasm before surgery, and the largest length among (a) horizontal lengths (cm) and (b) vertical lengths (cm) of the tumors on the coronal plane and the largest length among (c) front and back lengths of the tumors on the sagittal plane were measured. The volume of the pituitary tumor was calculated by the following formula:
Pituitary adenomas are classified as functional or nonfunctional adenomas depending on their hormonal activity. In functional adenomas, the various types of hormone-secreting tumor cells were identified on histologic examination. We confirmed the classification of functional or non-functional adenoma by pathologic diagnosis in medical records.
In addition, information about clinical and demographic characteristics such as age, sex, medical history, preoperative neurological symptoms, and the period from symptom onset to surgery was obtained through medical records for patients satisfying the inclusion criteria.
The statistical analysis was conducted using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics for all patients were calculated for age, sex, visual acuity (logarithm of the minimum angle of resolution, log-MAR), period from neurological symptom onset to surgery, volume of the pituitary adenoma, neurological symptoms, pattern of visual field defect, and the presence of a central visual field defect. Among patients who received TSA-TR, the group exhibiting visual field recovery after surgery and the group that did not recover were compared using a t-test or chi-square test. Univariate analysis was conducted for each variable to analyze factors related to postoperative recovery of the visual field, and multivariate logistic regression analysis was conducted for factors with a p-value smaller than 0.10 in the univariate analysis. Statistical significance was defined as a p-value smaller than 0.05.
Results
The mean patient age was 55.55 ± 15.84, and there were 58 men and 44 women. The mean MD was -11.10 ± 9.15 dB and the mean visual acuity was 0.34 ± 0.60 logMAR in the preoperative visual field examination. The mean period from neurological symptom onset to surgery was 222.65 ± 302.29 days and the preoperative mean tumor volume was 17.81 ± 19.07 cm 3 . Among the pituitary adenomas included in this study, there were 84 nonfunctioning pituitary adenomas (82.35%) and 18 functioning pituitary adenomas (17.65%). In terms of neurological symptoms, 54 patients had visual symptoms such as decreased visual acuity or visual field defect (52.94%), which constituted the majority, Values are presented as mean ± standard deviation, number, or number (%). BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution.
followed by 28 patients with headache (27.45%), and 8 patients with dizziness (7.84%). Twelve patients did not have any subjective neurologic symptoms (11.76%) ( Table 1) . The patterns of visual field defects of the included patients are presented in Table 2 . Among the patients, 60 had unilateral visual field defects (58.82%). The subject with the homonymous field defect was absent from the group. In terms of the visual field defect pattern of the most-affected eye, 43 patients had temporal hemianopsia (42.2%), which was most common, followed by 28 patients with temporal quadrantanopia (27.5%), 14 with altitudinal defect (13.7%), and 17 with generalized depression (16.7%) ( Table 3) .
After follow-up for 18.36 ± 5.21 months, on average, visual field defects showed recovery in 71 eyes (69.61%). The average MD and pattern standard deviation were -6.95 ± 8.49 and 5.78 ± 5.06 dB at the final follow-up visual field examination, respectively. Patients who showed recovery in the visual field examination were younger ( p = 0.003), had better preoperative MD (p = 0.016), and better preoperative visual acuity ( p = 0.030). Furthermore, subjects in this group had fewer central visual field defects (p = 0.006) and fewer bilateral visual field defects (p = 0.016) in the preoperative visual field examination. The presence of preoperative neurological symptoms ( p = 0.479) and the preoperative visual field defect pattern of the most-affected eye (p = 0.091) were not significantly different between the two groups (Table 4) .
Multivariate logistic regression analysis revealed that lower patient age (odds ratio, 0.962; p = 0.022), better preoperative MD (odds ratio, 1.069; p = 0.046), absence of central visual field defect (odds ratio, 0.212; p = 0.039), and unilateral visual field defect (odds ratio, 0.212; p = 0.035) were associated with postoperative visual field recovery (Table 5) . Fig. 1A-1D and 2A-2D display data from representative cases of pituitary adenoma. Fig. 1 shows a 72-year-old man who exhibited a bilateral visual field defect. Central visual field defect was apparent in the preoperative visual field of the left eye (most-affected eye; MD, -13.99 dB), and a visual field defect of the opposite eye (MD, -6.58 dB) was also evident. There was no visual field recovery in the postoperative visual field at 12 months after transsphenoidal surgery. Fig. 2 depicts results for a 42-yearold woman who exhibited a unilateral visual field defect. There was no central visual field defect in the preoperative visual field of the left eye (MD, -8.00 dB), and there was a normal visual field for the opposite eye (MD, -1.45 dB). There was marked visual field recovery in the postoperative visual field of the left eye at 12 months after transsphenoidal surgery.
Discussion
The presence of a visual field defect is one of the common indications for surgery in patients with pituitary tumors, and the degree of the visual field defect should be identified through a preoperative visual field examination, even if the patient does not complain of symptoms. If the tumor is accompanied by a visual field defect, it is clinically important to predict the prognosis for postoperative visual field recovery. Every study that has analyzed the factors related to prognosis so far has yielded different results. Most previous studies have focused on quantitative factors such as age, tumor volume, and MD value in the preoperative visual field exam. In this study, we further analyzed whether qualitative characteristics such as the existence of neurological symptoms, the range of the visual field defect, and whether the pattern of the visual field defect included a central visual field defect were associated with visual prognosis. Tumors that occur in the pituitary gland include pituitary adenoma, craniopharyngioma, and Rathke's cleft cyst, which are usually benign tumors [13] . All patients in this study had pituitary adenoma, including 84 nonfunctioning and 18 functioning pituitary adenomas. The most common neurological symptoms were visual, including decreased visual acuity and decreased visual field (52.94%), followed by headache, no symptoms, and dizziness. Hollenhorst and Younge [4] investigated the visual symptoms of 1,000 patients with pituitary adenoma and found that 70% of them had decreased visual field, accounting for the largest proportion of patients. In a study of 103 patients with pituitary adenoma, Ogra et al. [11] reported that decreased visual acuity accounted for the largest percentage (39%) of initial symptoms, followed by endocrine abnormality at 21%. The results of our study are in line with these results in that visual symptoms were also the most common neurological symptoms.
Ogra et al. [11] further reported that among 54 pituitary adenoma patients with visual field defects, the most frequently encountered defects were bitemporal defects at 41%, followed by unilateral defects, at 33%, and homonymous defects at 13%. In this present study, bitemporal defects were also the most frequent, at 49.1%, but no patients had homonymous defects. For a homonymous defect to appear, the lesion must be located in the optic tract, which is farther back from the optic chiasm, or the compression effect of the tumor must act on the optic tract. The absence of homonymous defects in our study may be due to the location of most adenomas at the optic chiasm.
In a retrospective study of 73 patients, Barzaghi et al. [14] noted that the significant factors for complete recovery of the visual field after pituitary adenoma surgery included better MD before surgery, lower patient age, and small tumor diameter. The researchers reported that neither sex nor the period from symptom onset to surgery were associated with postoperative prognosis. In a retrospective study of 57 patients, Lee et al. [9] found that high pressure caused by a tumor visible on MRI, severe visual field defect before surgery, and a thin inferior retinal nerve fiber layer as seen in preoperative optical coherence tomography were associated with poor postoperative visual function and can be used as predictive variables. In agreement with previous reports, the present study found that lower patient age and better preoperative MD were associated with visual field recovery after surgery. Furthermore, in this study, the presence of central visual field defects and bilateral visual field defects were found to be associated with poor prognosis, which is a meaningful result.
The worse the preoperative MD, the more likely there will be bilateral visual field defects. However, when reviewing each patient's visual field examination, we found many patients who had bilateral visual field defects and relatively good preoperative MD values. Conversely, even if the preoperative MD values are severe, the opposite visual field could be preserved. Because of the nature of the study, only the eye with the worse MD value was included as a preoperative value, so the preoperative MD of the contralateral eye was not considered. When we analyzed them as separate factors, we found that preoperative MD, bilateral visual field defects, and central visual field defects were independently associated with visual outcome after trans-sphenoidal resection of pituitary tumors. Likewise, it seems that the patients with a central visual field defect might have lower preoperative visual acuity, but the relationship is not absolute. Yu et al. [7] claimed that small preoperative tumor volume was an independent factor in visual field recovery after TSA-TR of pituitary adenoma, but in the present study, the correlation with tumor volume was not statistically significant. Schmalisch et al. [15] reported that the degree of upper expansion of the saddle of the pituitary tumor (>8 mm sagittal plane, >12 mm coronal plane) had a strong correlation with the visual field defect pattern and degree of decreased visual acuity. Eda et al. [16] contended that the correlation between tumor size and the degree of visual field defect exists only when the optic chiasm is in a normal anatomical position. Thus, the prognosis for visual field recovery is not only related to tumor volume, but also to the complex interaction of such factors as the anatomical position of the optic chiasm, the anatomical position of the tumor, and the degree of upper expansion of the saddle.
The strength of the current study is that the preoperative pattern of the visual field defect was more thoroughly analyzed. Although the degree of preoperative visual field defect influenced prognosis, the visual field defect pattern of the most affected eye was not statistically important. In addition, prognosis was good when the position of the visual field defect did not include the center or the visual field defect was confined to the unilateral eye. As previously noted, the degree of compression of the optic chiasm by the tumor was reflected in the result of the preoperative visual field examination. It seems that the weaker the compression, the smaller the degree of preoperative visual field defect, and when the compression is in the surface of the optic chiasm, the visual field defect does not include the central portion. Therefore, a smaller preoperative visual field defect without central field involvement, due to weaker and peripheral A limitation of this study is that it focused on neurological symptoms and did not analyze any endocrine abnormalities that patients with a functional pituitary adenoma may have. Furthermore, in this study, the collection of the neurological symptom data and the period from symptom onset to surgery was based on patient self-reporting. As the data were based on patient self-reporting, the accuracy may be lower and recall bias by the patients may be present.
In conclusion, the factors related to postoperative visual field recovery in patients with pituitary adenoma with visual field defects include age, preoperative MD value, central visual field defect, and bilateral visual field defect. The postoperative visual field recovery is more promising when the patient is younger, the preoperative MD is better, the central visual field is not involved in the most affected eye, and the visual field defect is confined to the unilateral eye. Identifying such clinical factors might be useful for predicting the postoperative prognosis of patients with pituitary adenoma. 
